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(57) There is disclosed a method and apparatus for 
recovering an encoded dock reference sig nal in a digital 
data tape storage device in which a pturaTit/ of read ele- 
ments read a phirafity of physicany recorded data tracks 
which have been recorded contemporaneously and 
each using a convnon dock reference signal encoded 
into data recorded on each physical data track. Each of 
a plurarrty of dodc recovery drcuils comprises a refer- 
ence dock generator (404. 409). a phase comparator 
(405. 410) and afiter element (406. 411). The filer ele- 



ment of each reference dock recovery element applies 
a proport'onal gain, which is proportional to a phase dif- 
ference within the read channel, and an integfa! gain, 
which is determined from a plurality of phase difference 
signals arising from the pluraTity of other data channel 
signals read contemporaneously The integral gain ele- 
ment represents a frequency of the encoded dock sig- 
nal, determined firom the plurality of physically recorded 
data tracks. 
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Description 

Md of the invention 

[0001] ITie present faivention relates to a method of 
reading data stored on a magnetic tape data storage 
device, and particularly although not e«:lusiveiy to a 
method of reference dock signal recovery from a plural- 
ity of recorded data channels. 

BacicgrQund to the Invention 

[0002] In conventional prior art magnetic tape data 
storage devices of the type in which an elongate t>and of 
magnetic tape is drawn aaoss a substantially static 
read^tfrite head to produce a physically recorded data 
tmci( on the tape which extends along a main length of 
the tape, it is lgrx>wn to inoorporato an encoding algo- 
rithm into the data as it is recorded onto the tape for the 
purpose of providing a reference dock signal. The 
encoding algorithm ensures that ttie bits of digital data 
recorded onto the tape are recorded in a manner in 
which a dock ref^enoe frequency signal, or an har- 
monic of a dock reference frequency signal, is embed- 
ded in the recorded data such tliat the dock signal can 
be recovered from the encoded data signal when the 
encoded data signal is subsequently read during play- 
back of the tape. 

[0003] Referring to Figs. 1 to 3 herein, there is iflus- 
trated schematk^alfy a prior art method of dock signal 
recovery in a conventionat magnetic tcq3e data storage 
device. The prior art arrangement illustrated in Rgs. 1 to 
3 herein relates to a generic dock recovery scheme 
whidi Is appTicable to both anatogue and dic^ imple- 
mentations. A conventional read^Mlte head 100 com- 
prises a plurality of read elements and a pluraTity of write 
elements. In the example of Fig. 1. four read elements 
101 to 104 are illustrated. Each read element aligns with 
a ptysically recorded data track and reads encoded 
data as a magnefic tape 109 passes the read^Mrite 
head. Each read element generates a conres p onding 
respective read data channel signal which is viput into a 
pre-amplifier and ec^lizer 110. The pre-ampli- 
fier/equafizer outputs an amplified equaTized read data 
channel signal into a phase tocked toop 111 for 
recovery of the dock reference signal from the encoded 
data. 

[0004] Referring to Fig. 2 herein, there is illustrated 
internal stages of the phase kx:ked k>op 111 for recov- 
ering a dock reference signal from a read signal gener- 
ated by a single read element. The phase tocked toop 
comprises a dock signal generator 200, which in an 
anatogue Inplementation may comprise a voltage con- 
trolled osdHator. or in a digital inplementation may com- 
prise a digital divider which divides a fixed frequency 
digital signal to produce a digital dock ref rence signal; 
a phase comparator 201 for comparing a phase of the 
generated dock reference signal with the incoming pre- 



ampGf led equalized read signal, the phase comparator 
aeneraUng a differenoe signal Ds; and a toop filter 202. 
which filters the CGfference signal Dg to produce a fi- 
tered difference signal Dm. which Is used to control the 
5 frequency of the dock signal produced by the dock sig- 
nal generator 200. 

ID005] The frequency of the dock reference signal 
generated by dock reference signal generator 200 is 
inaeased or decreased, depending upon the value of 
10 the filtered difference signal Dm. so that the frequency 
and phase of generated dock reference signal Cn Id- 
tows the dock reference signal encoded into the read 
data channel signal Rq. 

[0006] Refening to Fig. 3 herein, there is illustrated in 

IS further detaQ toop filter 202. The toop fitter comprises a 
first anplification stage 300; the first ampfif ication stage 
arranged in parallel with an Integration stage, the inte- 
gratton stage comprising a second gain amplfficalton 
stage 301 and an integrator 302; and an addition stage 

20 303 for adding resultant outputs of the first ampGTicatton 
stage and the integration stage. First amplification stage 
300 applies to the difference signal D^again Kpwhk:h 
is a constant which detemiines the proportional gain of 
the toop filter, whereas second applicafion stage 301 

25 applies an integral gain to the difference signal D^. 
[0007] Under steady state conditions, where the 
incoming read channel signal Rs is read at a constant 
rate, the encoded dock reference signal in the read sig- 
nal is of constant frequency The active gain contained 

30 in the toop filter operates to phase took the generated 
dock reference signal Cb to the incoming read data 
channel signal Rs. so that the generated dock refer- 
ence signal Cr tracks the encoded dock reference sig- 
nal embedded in the read data channel signal Rsboth 

55 in phase and frequency. 

[0008] In the known dock recovery arrangement 
shown in Figs. 1 to 3. the read data channd R, has 
associated noise which causes noise in the phase dif- 
ference signal D«, resulting In some perturt)ation of the 

40 frequency of the generated dock reference signal from 
an ideal. 

10009] It is an ongoing ot)jedive of magnetic tape data 
storage system design to increase the density of 
recorded data on a physical track of tape. Consequentiy 

45 as the data density is increased, a signal to noise ratio 
of the read data channel signal Rs decreases and there 
is a tradeK>ff between Increase in recorded data density 
and wasening of signal to noise ratto In the recovered 
data channel signal Rs- Thus, in tfie steady state of a 

so played back data channel signal, for an inaeased data 
density tfiere wfll be an increase in jitter on the read data 
channel signal, making It harder for the generated dock 
reference signal to be tocked onto the phase of the 
encoded dock reference signal in tfie read data channel 

55 signal. Furtiier. even under normal tape operation, the 
tape speed may vary from steady state due to variations 
in tape drive mechanisms, and starting of movement of 
the tape, and frequency of the encoded dock reference 
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signal will vary and tacMig of the phase of the gener- 
ated dock reference siQnal to the read data channel sig- 
nal Cr may be lost momentarfly as th generated dock 
reference signal changes frequency value t match 
changes in frequency in the encoded dock reference s 
signal. 

SummaiY of the Invention 

[0010] It is one object of the present invention to pro- io 
vide an improved dock recovery scheme for recovery of 
an encoded dock reference signal In a read data chan- 
nel of a magnetic tape data storage device. 
[0011] Specific methods and embodiments of the 
present invention are aimed particularly at magnetic is 
tape data storage devices in which a plurality of physical 
data tracks are each recorded simultaneously and in 
parallel ak)ng the main length of the tape by a write 
head having a plurafity of write elements, each write ele- 
ment recording a corresponding respective data track. 20 
[0012] According to a fffst aspect of the present inven- 
tion there is provided a method of dock signal recovery 
of data recorded simuKaneously on a plura% of tracks 
of a magnetic tape data storage devkse. sM method 
comprising the steps of: 

resKling said plurality of recorded data tracks simul- 
taneously to obtain a corresponding plurality of data 
channel signals; 

so 

for each data channel signal; 

generating a dock reference signal corresponding 
to saM data channd signal; and 

55 

generating a difference signal representing a phase 
difference between said data channel signal and 
said generated dock reference signal; 
wherein: 

40 

said generated dock reference Signal is modified in 
accordance with a signal determined from a plural- 
ity of said difference signals of said plurafity of data 
channel signals. 

45 

[0013] Preferably, said signal determined from a plu- 
rality of said difference signals comprises a signal deter- 
mined from a summation of said piuraltty of difference 
signals. 

[0014] Preferably, said signal determined from a plu- so 
rality of said difference signals comprises a signal deter- 
mined by integrating saM plurality of difference signals. 
[001 5] In a best mode herein, said tracks are read by 
a plurality of read elements, wherein each said track is 
read by a separate read element and said tracks are ss 
read in a drection along a lengtfi of said tape. 
[0016] According to a second aspect of the present 
inventk)n, there is provided a method of recovering data 



stored on a magnetic tape data storage medium, said 
data eiKoded with a dock reference signal wfilch has 
been recorded onto a plurality of data tracks of said 
magnetic tape simultaneously, said method comprising 
the stspsof: 

reading said plurality of recorded data tracks simul- 
taneously to obtain a plurality of recovered data 
channel signals; and 

recovering said dock reference signal from said 
plurafity of data channd signals. 

[0017] Preferably, said step of recovering said dock 
reference signal comprises: 

for each said data channel dgnal. generating a 
dock reference signal, said dock reference signal 
having a frequency determined in part in response 
to a piurality of difference signals of sakJ plurafity of 
data diannels, wherein each said difference signal 
comprises a signal determined from a phase differ- 
ence between a said generated dock reference sig- 
nal and a said data channel signal. 

[0018] Preferably, said step of recovering said dock 
reference signal from said plurafity of data channel sig- 
nals comprises: 

generating a separate respective dock reference 
signal for each of said recovered data channel sig- 
nals; 

comparing each said recovered data channel signal 
witfi its oon^esponding respective generated dock 
reference signal to generate a corresponding 
respective plurafity of difference signals; 

filtering each said difference signal to obtain a cor- 
responding respective plurality of filtered deference 
dgnals;and 

for each said dock reference signal, modifying a 
frequency of said dock reference signal in 
response to said gain amplified difference signal, 
wherein each said gain is determhed in part from 
saki plurafity of difference signals. 

[001 9] Preferably, each saki filter incorporates an Inte- 
gration of said plurality of difference signals. 
[0020] According to a ttiird aspect of the present 
invention tfiere is provided a read apparatus for reading 
a plurality of data tracks recorded onto a magnetic tape 
data storage medium, said apparatus comprising: 

a plurality of read elements, capable of reading a 
plurafity of said data tracks simultaneously, and 
generating a oon^esponding plurafity of data chan- 
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net signals; 

a pturaTrty of phase determining means, each ocx^ 
sponding to a respective said data track, and 
arranged to receive a corresponding respective s 
said data channel signal: 

wherein said pluralit/ of phase determining means 
share a common integral gain element. 

10 

[0021] Deployment of the common integrator for all 
phase determining elements makes in^ilicit use of the 
infonnation that all data tracks of the tape have been 
recorded simultaneously, and therefore have a same 
frequency as each other. As the ckxk reference fre* is 
quen^ of the recovered data tracks changes, due to 
change in tape speed, using the spedfic enrtediments 
hereia the phase determining means sharing a com- 
mon Integral gain element may t>e able to folkm the 
changes in dock reference frequency more doseiy than so 
uskig hitherto known prior art techniques. In particular, 
an improved lock up performance of each of the phase 
detenfwning means may be achieved, enabling doser 
traddng of a phase of a recovered data signal. 
[0022] By making the phase errors from all channels 2$ 
contribute to an integrator representing informatfon con- 
senting a single dock reference frequency, it may be 
possible to take advantage of the constraint within the 
recorded data that the dock reference frequency is the 
same for each simultaneously recorded channel. 30 
[0023] Because the phase error from each of the plu- 
ranty of channels is input into a single integrator, it may 
be possble to use a h^her k)op gain in the phase deter- 
mining process. wNlst mniimizing Inslabili^r and phase 
jitter. Consequently, a better dynamic performance of 35 
the phase detennining means may be achieved. 
[0024] Preferably, said plurality of data tracks are 
recorded In parallel by a single write head having a plu- 
rafity of write elements. 

[0025] Preferably, said pluraTrty of data tracks are read 4o 
in parallel a single read head having a plurality of 
read elements. 

[0026] According to a fourth aspect of the present 
Inventfon there is provkJed a dock signal recovery appa- 
ratus for reooverffig a dock signal from a plurafity of 4S 
data channel signals, saki dock signal recovery appara- 
tus oomprising: 

a plurality of dock recovery means, each oompris- 



means for generating a dock reference signal; 

means for comparing said dock signal with a said 
data channel signal, said means generating a dif- ss 
f^ence signal depending on a pfiase difference 
between said dock reference signal and saki data 
signal channd; 



wherein each sakl dock recovery means generates 
a corresponding respective difference signal; and 

a sakJ dock reference signal generating means 
generates a said dock signal in response to a plu- 
raTrty of sakf difference signals of a pturali^ of sakJ 
dock recovery means. 

[0027] Preferably, said dock signal recovery appara- 
tus further comprising a gain element, sakl gain ele- 
ment operating to receive a plurality of sakl difference 
signals and produce a modified difference control signal 
in response to said plurality of difference signals: and 

said dock reference signal generating means 
operates to generate a sakJ dock ref^ence signal in 
response to said oontrd signal. 

BHflf Descriptten of the Drawinos 

[0028] For a better understanding of the invention and 
to show how the same may be carried into effect there 
wiO now be described by way of example only, specif ic 
enfoodiments, methods and processes according to the 
present inventfon with reference to the accompanying 
drawings in which: 

Rg. 4 aiustrates schematically a layout of a dock 
recovery apparatus for a nuHiple channel read 
apparatus according to afirst spedffo embodiment 
of the present invention: 

Fig. 5 illustrates schematically an arrival time distri- 
bution of edge transitions of bits comprising a data 
channel signal recovered from a physical data track 
recorded onto a magnetic tape; and 

Fig. 6 aiustrates schematically an apparatus and 
method for applying a foop gain in a plurafity of 
dock reference signal recovery drcuits according to 
specTic embodiment and method of the present 
invention. 

Detailed Description of the Best Mode fbr CanvfnQ 
Out the Invention 

[0029] There will now be described by way of example 
the best mode contemplated by the inventors for carry- 
ing out the invention. In the following description numer- 
ous specific details are set fortii in order to provide a 
thorough understanding of the present invention. It will 
be apparent however, to one skilled ki the art that the 
present invention may be practiced wittXHit using these 
spedf k: details. In ottier instances, well known methods 
and structures have not been described in detail so as 
not to unnecessarily obscure the present invention. 
[0030] The current besX mode according to the 
present invention desafoed herein relates to a tape 
data storage device capable of reading a plurafity of 
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physical data tracks recorded eimirftaneously along a 
main length of an elongate magnetic tapa Each data 
track may store one or more data channels. In a typical 
embodiment a read^/rite head comprises a plurafity of 
read elements and a pluraTity of write elements, wherein $ 
the plurality of write elements are typically incorporated 
physk:ally into a same write head, the write elements 
being spaced apart from each other, each write element 
operating to record a physical track of data along the 
tape, the tracks of a pluraTtty of write heads being 
ananged in parallel to each other. Typically, the read 
elements are physically ^rporated into a single read 
head, in which each read element aligns with a physi- 
cally recorded data track of the magnetic tape, such that 
as the magnetic tape passes the read head, a pluraTity 
of data channels are read sinultaneously by the plural- 
ity of read elements. 

(00311 However. It will be understood that the exact 
read^vrite head layouts may vary widely, and the meth- 
ods disck>sed hereinafter are not restricted to one par- 
ticular anangement of read^vrite head layout. 
[0032] Refening to Fig. 4 herein, there is niustrated 
schematically a dock recovery circuit fx recovering a 
digitany encoded dock reference signal from digitally 
recorded data recorded on a physical data track of a 
magnetic tape. In Fig. 4. there are shown firat and sec- 
ond read elements 400, 401. bevig representative of a 
plurality of nunnber N of read elements each of which 
read a corresponding respective physically reooided 
data track contemporaneously from a single magnetic 
tape with each other as the magnetic tape passes a 
read head. 

10033] Each read element is provided with a separate 
corresponding dock signal recovery channel. Referring 
to the dock signal recovery channel of first read ele- 
ment 400 in Fig. 4 the recovery channel comprises a 
pre-ampfifier/equaltzer 402, and a dock recovery ele- 
ment 403. 

p»34] There will now be described a dock signal 
recovery channel relating to one such read element 
Each other read element has a corresponding similar 
dock signal recovery channel. Rrst read element 400 
generates a recovered data channd signal Rqi from a 
first physically recorded data track on tape, which is 
input into conventk)nal pre-aiTV)lifier and equalizer 402. 
The pre-ampriner/equalizer amplifies and performs 
equaTization of the recovered data channel signal Rqi to 
produce an ampTrfied. equalized recovered data chan- 
nel signal Bs^ in the fonri of a serial sequence of digital 
pulses representing the encoded data recorded onto 
the physical track of magnetic tape. The digital pulses 
are produced k\ a form suKable for input to first dock 
recovery element 403. Rrst dock recovery element 403 
cortprises first dock generator 404 capable of generat- 
ing a first digital dock reference signal at a first con- 
trollable frequency ff^ and having first phase 0^: a first 
phase comparator 405 operating to compare the first 
phase 01 of the first generated dock reference signal 



output from first dock generator 404 with the first 
data channel signal Rsi output from preamplifier 402: 
the first phase comparator 405 outputting a first differ- 
ence signal deperxlent upon th difference t>etween 
a phase of the entbedded dock reference signal 
encoded into the first data channel signal Rsi and a 
phase 01 of the first generated dock signal C^i the first 
difference signal Dt being input into first loop filter 406. 
first loop fitter 406 providing active gain to frst difference 
signal Di and outputting a first modified difference sig- 
nal Dmi which is input into first dock generator 404, the 
phase 01 and frequency fi of the first dock reference 
signal being nnodified in response to the frst nxxfified 
difference signal D^i. 

{0035] A second dock signal recovery channel for 
recovery of a dock reference signal embedded in a sec- 
ond data channel read by second read head 401 com- 
prises second conventional pre-ampTtfier/equallzer 407 
and second dock recovery element 408. tfie second 
dock recovery element comprising second dock signal 
generata 409. second phase comparator 410 and sec- 
ond k)0p filter 411. The second dock signal generator, 
second oornparator and seoorxl k)op filter operEtte sirhi- 
larty as described with reference to the first dock recov- 
ery element 403 on a second recorded data channel 
signal Rd2 generated by second read element 401 . The 
second dock generator 409 outputs a second dock ref- 
erence signal C(2 of second frequency ^. and having 
second phase (2^. wNch is fed back into second phase 
comparator 410 where it is compared with second data 
channel signal Rs2 to produce second difference signal 
D2. The second difference signal is irput into second 
kx)p fitter 411 resulting in a second modified difference 
signal Dm2. which oonlrois the phase and frequency of 
second generated dock reference signal 0,2 generated 
by the second dock generator 409. 
[0036] Each of the plurality N read elements is pro- 
vkled with a corresponding respective dock signal 
recovery channel as described for the first and second 
read dements 400, 401. 

(0037] Refdntig to Fig. 5 herein, there is llustroled 
schematically a distributkm of actual anival time, of 
edge transitions of bit signals comprising encoded dock 
reference signal of first recovered data channel signal 
Rsi within a period Pi of the embedded encoded dock 
reference signal 500 as originally recorded. Actual edge 
transitions of the encoded dock signal in the recovered 
data channel signal arrive at times before or after their 
expected time of anival to relative to the period of the 
encoded dock signal as originally recorded. Whilst most 
edge transitions of data bits arrive at approximately tfie 
correct time with reference to the period of the recorded 
encoded ckxk reference signal, since the recorded data 
density on the pfiysically recorded tracks is as Ngh as 
possible, there results a degraded signal to noise ratio, 
which results m frtter of edge transitions, such ttiat a por- 
tion of the edge transitions of the bits of the first data 
channel signal Rs arrive both before and after the ideal 
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transition time according to the rec^ 
period. Edge transitions of arriving bets are distributed 
around a mean time 4y relative to the encoded dock sig- 
nal period, even under conditions where the frequency 
of the recorded encoded dock signal is stable. 5 
10038] However, the data may have been recorded 
onto tape under conditions of variable tape speed. TNs 
may occur because the data may have been recorded 
by a system which alterB the speed of a tape past a 
write head to compensate for irregular arrival of data 10 
from a host device, eg a conputer which generates data 
to be stored. "Bursty" data, such as computer generated 
data may have been buffered prior to recording, and 
may have been recorded onto tape at a stower or faster 
rate, depending on the rate of arrival of data from the is 
host device. In ttie best mode described herein, 
recorded tape speed may vary over a speed range typi* 
cally having a ratio 5:1 as between fastest recorded 
tape speed and stowest recorded tape speed, or up to a 
ratio of speeds up to 10:1. 20 
[0039] Thus, when reading the physk^al data tracks, by 
a read head, the encoded dock frequency as recorded 
may vary depending upon the tape speed slowing down 
or accelerating during recording. The generated dock 
reference signal Cm must track the encoded dock ref- » 
erence signal in frequency as well as in phase over a 
rangeoffrequendesff inthe range 1 to 10. 
[0040] The response time of each dock generator to 
changes in encoded dock signal frequency is deter- 
mined by a gain in the loop filter 406. Setting of the gain 30 
is a trade off between fast response to changes in fre- 
quency and/or phase of ttie recorded encoded dock ref- 
erence signal and introductkxi of errors in data read 
from ttie data channel signal Rs due to the jitter in 
arrival of bits of data relative to ttie encoded dock refer- 3s 
ence signal, as ilustrated schematicany in Fig. 5 here^. 
To obtain fast response times to changes in frequency 
andAor phase of the encoded dock reference signal, a 
high gain in the k>op fitter is advantageous, but increas- 
ing the gain Increases ttie rate of error in reading bits of 40 
the data channel signal Rs. 

[0041] ltiskrK)wn.fromttiewayinwhk:httiepluraEty 
of data channels were recorded, ttiat at any time the 
data channels must have an encoded frequency whk^h 
is tiie same in all cases. However, at any particular time 45 
ttie phase of those signals cannot be guaranteed to be 
the same as between different channels due to varia- 
tions in head alignment from device to device, tape wan- 
der, noise, etc, on each signal channel. In the 
embodiment shown in Fig. 4 herein, ttie difference in so 
phase of encoded dock signal as between different data 
channels is accomniodated by each read element being 
provided witti its own c orresponding dock recovery 
channel. However, ttie infonnatton ttiat ttie frequency of 
encoded dock signal is ttie same at any time as ss 
between different recorded data channels is utiftzed by 
connecting ttie plurality of dock recovery channels as 
follows: 



[0042] In ttie best mode herein, specific mettiods and 
embodiments according to ttie present invention recog- 
nize ttiat by reading a plurality of physical tracks simul- 
taneously which have been recorded sbnultaneously. at 
any time ttie encoded dock reference signal is ttie same 
for each data channel recorded on a separate physical 
data frack on ttie tape. Thus, at any positions along ttie 
lengtti of the tape corresponding to ttie position of write 
elements at any time, the frequency of ttie encoded 
recorded dock reference signal is ttie same. This infor- 
mation is made use of by incorporating each difference 
signal D generated by each respective dock recovery 
channel into ttie toop filter of each oUier dock recovery 
channel, for a plurality of dock recovery channels oorre- 
qxMiding to a piurality of read elements which read a 
corresponding respective plurality of data channels 
simultaneously. 

[0043] In Fig. 4 herein, there is shown first difference 
signal Di generated by first dock recovery channel 403 
fed Into second toop filter 411 of second dock recovery 
channel 408. Second difference signal D2 of second 
dockrecovery channel 408 is fed into first k)op liter 406 
of first clock recovery channel 403. In the general case, 
a difference signal arising from a first dock recovery 
channel is fed into a loop f ater of every ottier dock 
recovery channel which contemporaneously reads a 
data channel signal of a set of data channel signals all 
having t>een recorded simultaneously witti a same 
encoded dock signal. 

[0044] In each dock recovery channel, of ttie plurality 
N dock recovery channels ttie dock generator is con- 
trdled by a feedback signal comprising an ampTrfied 
phase difference signal resulting from a difference 
between the generated dock reference signal of that 
channel and ttie recovered data channd signal, and a 
plurafity of difference dgnals generated in each ottier 
channel of ttie plurafity N of dockrecovery channels. 
[0045] Referring to Fig. 6 herein, there is shown a spe- 
cific inplementation for applying gains in the fast and 
second toop fitters of Fig. 4. Atthough only two dock sig- 
nal recovery channels are Ilustrated in Fig. 6. the 
arrangement and principle of operation applies equally 
to a plurality of dock signal recovery channels. In each 
dock signal recovery channel, ttie loop filter appfies a 
proportional gain Kp and an integral gain Kj to its oon'e- 
spending respective difference signal D generated in a 
same dock signal recovery channel, as wen as applying 
ttie integral gain K| to ttie difference dgnal generated by 
every ottier dock recovery channel contemporaneously. 
First k>op filter 406 comprises first proportional gain ele- 
ment 600 and first adder 601 and second loop filter 41 1 
comprises second proportional gain element 602 and 
second adder 603. A common integrator element 604 
applying an integral gain Kj to a summation of an differ- 
enc signals generated contemporaneously in the plu- 
raRty of dock signal recovery channels is shared by the 
pluraTity of toopf Hters. In ttie general case of N channels 
ttie pluiBlity of N difference signals to On are com- 
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bined by difference signal adder 605 prior to Inputting 
into common integrator 604. In the case of tm dock 
recovery cfiannels shown In Fig. 6. an output of first 
loop titer 406 comprises first difference signal mutti- 
plied by first proportional gain Kpi added to a signal s 
comprising first and second difference signals ^ Da 
added together to which is applied integral gain K^. Sim- 
ilarly, an output signal of second loop filter 411 com- 
prises second difference signal D2 multiplied by second 
proportional gain Kp2 added to the signal comprising 10 
first and second difference signals Dt ^ D2 nxxiified by 
integral gain K{. 

[0046] Consequently, a plurality of read elements 
each read a corresponding respective data channel sig- 
nal from a respective physical recorded data track on is 
magnetic tape, each data channel signal being encoded 
with an encoded dock ref^enoe signal, there being pro- 
vided for each read element a corresponding respective 
dock signal recovery channel. In each dock signal 
recovery channel there is generated a difference signal 20 
con'esponding to a difference b^ween the encoded 
dock reference signal in that channel and a generated 
dock reference signal corresponding to that channel. 
Each dock recovery channel applies a gain which is 
proportional to the difference signal generated In that 25 
dock recovery channel, and also applies another gain 
which is an integral depending on a sum of all of the dif- 
ference dgnals applied in all of the channels. 
19047] Operations on a data channel signal imple- 
mented by the plurafity of dock recovery elements 403, so 
408 of a pluranty of number N dock recovery channels 
operate to generate a separate respective dock refer- 
ence signal for each recovered data channel signal, 
compare each recovered data channel signal with its 
con'esponding respective generated dodc reference ss 
signal generated by dock signal generator 404. 409. to 
generate a corresponding respective pluraG^ of phase 
differerx^ signals in phase comparators 405, 410 and 
apply a respective gain to each phase difference signal 
in loop filter elements 406. 41 1 to obtain a oonrespond- 40 
ing respective phiraTtty of gain ampiried phase signals, 
such that for each generated dock reference signal, a 
frequency and/or phase of the generated dock refer- 
ence signal is modified in response to the gain ampfified 
phase difference signal output by the toop f iters 406. 45 
409. each toop filter produdng an output oontiol signal 
which is detemiined in part from the pluraTity of phase 
difference signals produced by the plurafity of compara- 
tors, one per each clock recovery signal channel. 
[0048] In an implementation of the dock signal recov- so 
ery apparatus according to the best nxxf e of the inven- 
tion and as shown in Figs. 4 and 6 herda the common 
integrata dement 604 comprises a d'^ital integrator, 
which accumulates a value comprising the plurality of 
difference signals, the value representing the frequency ss 
of the recorded encoded dock signal. Each dock gener- 
ata generates dock signal having a frequency which is 
determined by the modified difference signal Dm oorre- 



cponding to that dock signal recovery channd, the 
modified difference signal being determined from an 
ampTff led phase difference signal D detemiined from the 
con'esponding physical data track, togettier with an inte- 
gral signal determined from the data channd dgnal of 
each physical data tracK the Integral signal represent- 
ing a common recorded encoded dock signal embed- 
ded in each of the data channels recorded on each 
separate physical data track. 
[0049] The value staed in the integrator represerrts 
tiie frequency of tiie recorded encoded dock signal. By 
making a single integrator common to all dock signal 
recovery channels, it may be possible to achieve supe- 
rior took up perfomiance under conditions of step fai fre- 
quency from a first frequency to a second frequency, 
whilst retaining an abifity to accommodate data chan- 
nds having aibttrary relative phases of encoded dock 
signal. The embodiment desaibed herein is particulariy 
suited to a digital Implementation, in wNch a relation- 
ship between the value stored In tfie Integrator, and the 
recovered dock frequency is fixed, and remains unaf- 
fected t}y process or environmental factora and Is not 
subject to tolerances from one channd to another. 

Claims 

1. A metfxxf of dock signal recovery of data recorded 
dmultaneoudy on a plurali^ of tracks of a magnetic 
tape data storage device; said method comprising 
the steps of: 

reading said plurality of recorded data tracks 
simuHaneoudy to obtain a corresponding plu- 
rality of data channd signals: 

for each data channd dgnal; 

generating a dock reference dgnal corre- 
sponding to sdd data channd signal; and 

generating a difference dgnal representing a 
phase difference between saki data channd 
dgnal and said generated dock reference dg- 
nal; 

wherdn: 

said generated dock reference signal is modi- 
fied in accordance with a signal determined 
from a plurality of said difference signals of said 
plurality of data channd dgnals. 

2. The method as daimed in daim 1, where said dg- 
nal deternvned from a plurality of said difference 
dgnals comprises a dgnal determined from a sum- 
mation of said plurality of difference signals. 

3. The method as daimed in daims 1 or 2, wherdn a 
said signal ddenmined from a plurality of sdd differ- 
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ence signals oonprises a signal detennined by 
integrating saki pturaTity of dmerence signals. 

4. The method as claimed Ri any one of daimsl to 3. 
wfierein said tracte are read by a plurality of read s 
elements, wherein each said track is read t>y a sep- 
arate read element 

5. The method as claimed in any one of daims 1 to4. 
wherein said trades are read in a direction along a fo 
length of said tape. 

6. A method of reoot/ering data stored on a magnetic 
tape data storage medium, said data encoded with 

a dock reference signal wtiich has k>een recoided is 
onto a plurafity of data tracks of sakJ magnetic tape 
simultaneously, said method comprising the steps 
of: 

reading said pturaTity of recorded data tracks so 
sinwltaneously to otitain a phjrafity of recov- 
ered data channel signals; and 

recovering said dock reference signal from 
said plurafify of data channd signals. 2s 

7. The method as claimed in dalm 6, wherein said 
step of recovering said dock reference signal com- 
prises: 

30 

for each said data channel signal, generating a 
dock reference signal, said dock reference sig- 
nal having a frequency determined in part in 
response to a plurality of difference signals of 
said plurality of data tracks, wherein each said ss 
difference signal comprises a signal deter- 
mined from a phase difference between a said 
generated dock reference signal and a said 
data channd signal. 

40 

8. The method as daimed in daims 6 or 7. wherdn 
said step of recovering said dock reference signal 
from said pluFafity of data channel signals com- 
prises: 

45 

generating a separate respective dock refer- 
ence signal for each of said recovered data 
channd signals: 

comparing each said recovered data channel 6o 
signal wHh its corresponding respective gener- 
ated dock reference signal to generate a corre- 
sponding respective pluraTity of difference 
signals; 

55 

filtering each said difference signal to obtain a 
corresponding respective plurality of tittered 
difference signals; and 



for each saM dock reference dgnal. modifying 
a frequency of said dock reference signal in 
response to said gain amplified difference dg- 
nal. wherdn each said gain is determined in 
part from said plurality off difference dgnals. 

9. Ihe method as daimed in daim 8. wherein each 
said gain is determined in part from an integration 
of said plurality of difference signals. 

10. A read apparatus for reading a plurality of data 
tracks channds recorded onto a magnetic tape 
data storage medium, said apparatus comprising: 

a plurafity of read elements, capable of reading 
a plurality of said data tracks dmuKaneoudy, 
and generating a con^esponding plurality of 
data channd dgnals; 

a plurality of phase detentiining means, each 
corresponding to a respective sakJ data chan- 
nd. and arranged to receive a corresponding 
respective sdd data channd dgnal; 

wherein said plwality of phase determuiing 
means share a common Integral gain dement 

11. The apparatus as daimed in daim 10. wherein said 
plurafity of data tracks are recoided in parafid by a 
dngle write head having a plurality of write de- 
ments. 

12. The apparatus as daimed in daim 10. wherein said 
plurafity of data tracks are read in parallel by a an- 
gle read head having a plurafity of read dements. 

13. A dock signal recovery apparatus for recovering a 
dock dgnal from a plurafity of data channd dgnals. 
said dock dgnd recovery appar a tus comprtdng: 

a plurdity of dock recovery means^ each com- 
pridng: 

means fbr generating a dock rderence signd; 

means for comparing said ctock signal wftti a 
said data channd signal, said means generat- 
ing a difference dgnal depending on a phase 
difference between said dock reference signal 
and said data dgnal channd; 

wherdn each said dock recovery means gen- 
erates a corresponding respective difference 
signal; and 

a said dock reference dgnal generating means 
generates a sad dock signd in respons to a 
plurdtty of said difference dgnals of a plurality 
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of 8ald dock reocmry means. 

14. The dock signal recovery apparatus as claimed in 
daim 13. further comprising a gain element, said 
gain element operating to receive a pluraTity of saki s 
difference signals and produce a modified differ- 
ence control signal in response to sakJ pluraTity of 
difference signals; and 

sakJ dock reference signal generating 
means operates to generate a saki dock reference io 
signal in response to said control signal. 
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